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(54) APPARATUS AND METHOD FOR PRODUCING CARBON STRUCTURES 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an apparatus and a 
method for producing carbon structures being able to 
synthesize industrially and efficiently the carbon structures 
such as a high purity fullerene, a high purity carbon nanotube 
and the like from an amorphous carbon or a graphite particle or 
the like at low cost. 

SOLUTION: The apparatus for producing carbon structures is 
equipped with at least two electrodes 11,12 where their tips 
are opposite each other and a power source 1 8 which supplies 
voltage between the electrodes 11, 12 to generate discharge 
plasma at a discharging area between the ele.ctrodes 11, 12. 
Furthermore, the apparatus is equipped with magnetic field 
generating means 20-23 where a magnetic field having magnetic 
lines to multiple directions or a parallel component to a 
progressing direction of discharging current can be formed. The 
method for producing carbon structures comprises using the 
above operation. 
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* NOTICES * 

JPO and NCIPI are not responsible £or any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Two electrodes with which the latest section counters at least, and the power source which 
impresses an electrical potential difference to inter-electrode [ said ] in order to generate the discharge 
plasma to this inter-electrode discharge field, The manufacturing installation of the carbon structure 
characterized by having a field generating means to be the manufacturing installation of the preparation 
****** structure and to form in the generation field of said discharge plasma further the magnetic field 
which has the line of magnetic force of the many directions, or the magnetic field which has an parallel 
component to the travelling direction of the discharge current at least. 

[Claim 2] The manufacturing installation of the carbon structure according to claim 1 to which the discharge 
plasma generated by said discharge field is characterized by being an arc plasma. 

[Claim 3] The manufacturing installation of the carbon structure according to claim 1 or 2 characterized by 
for said field generating means consisting of two or more permanent magnets and/or electromagnets which 
have been arranged so that said discharge field may be surrounded along the travelling direction of said 
discharge current, and for all these permanent magnets and/or electromagnets making the same pole coxmter 
said discharge field, and being arranged. 

[Claim 4] The manufacturing installation of the carbon structure according to claim 1 or 2 characterized by 
for said field generating means consisting of four or more the permanent magnets and/or electromagnets 
which have been arranged so that said discharge field may be surrounded along the travelling direction of 
said discharge current, and for an adjacent permanent magnet and/or an adjacent electromagnet making a 
different pole by turns counter said discharge field, and arranging them. [ even ] 

[Claim 5] The manufacturing installation of the carbon structure according to claim 1 or 2 characterized by 
said field generating means consisting of one or two coils which make the travelling direction of said 
discharge current an abbreviation medial axis. 

[Claim 6] The manufacturing installation of the carbon structure given in any 1 of claims 1 -5 to which flux 
density in the latest section edge of the electrode made to generate the discharge plasma between said two 
electrodes which counters is characterized by being less than [ more than 10-5T1T ]. 
[Claim 7] The manufacturing installation of the carbon structure given in any 1 of claims 1-6 to which the 
discharge current consistency at the time of discharge plasma production is characterized by being less than 
[ more than 0.05A/nmi215A/mm2 ] to the latest aspect product of an electrode which generates the 
discharge plasma. 

[Claim 8] The manufacturing installation of the carbon structure given in any 1 of claims 1-7 to which the 
electrical potential difference impressed to said electrode according to said power source is characterized by 
being less than [ more than 1 V30V ]. 

[Claim 9] The manufacturing installation of the carbon structure given in any 1 of claims 1-8 to which the 
electrical potential difference impressed to said electrode according to said power source is characterized by 
being direct current voltage. 

[Claim 10] The manufacturing installation of the carbon structure according to claim 9 to which the latest 
aspect product of cathode is characterized by being below the latest aspect product of an anode plate 
between said two electrodes which counters. 

[Claim 11] The manufacturing installation of the carbon structure given in any 1 of claims 1-10 
characterized by coming to hold said discharge field and said electrode in a well-closed container at least. 
[Claim 12] The manufacturing installation of the carbon structure according to claim 1 1 characterized by 
coming to have the ambient atmosphere adjustment device which can adjust the pressure and/or type of gas 
of an ambient atmosphere in said well-closed container. 
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[Claim 13] The quality of the material of said electrode contains carbon or carbon, and the electrical 
resistivity is the manufacturing installation of 0.01 or more ohm-cm of matter of 10 or less ohm-cm, and the 
carbon structure given in any 1 of claims 1-12 which come out and are characterized by a certain thing. 
[Claim 14] The manufacture approach of the carbon structure which is the manufacture approach of the 
carbon structure which said inter-electrode discharge field is made to generate the discharge plasma, and 
manufactures the carbon structure by impressing an electrical potential difference to inter-electrode [ which 
the latest section counters / two ], and is characterized by to form in the generation field of said discharge 
plasma at least the magnetic field which has the line of magnetic force of the many directions, or the 
magnetic field which has an parallel component to the travelling direction of the discharge current. 
[Claim 1 5] The manufacture approach of the carbon structure according to claim 14 that the discharge 
plasma generated by said discharge field is characterized by being an arc plasma. 

[Claim 16] The manufacture approach of the carbon structure according to claim 14 or 15 characterized by 
forming said magnetic field because all make the same pole counter said discharge field and arrange two or 
more permanent magnets and/or electromagnets so that said discharge field may be surrounded along the 
travelling direction of said discharge current. 

[Claim 17] The manufacture approach of the carbon structure according to claim 14 or 15 characterized by 
forming said magnetic field because adjacent things make a different pole by tums counter said discharge 
field and they arrange two or more permanent magnets and/or electromagnets so that said discharge field 
may be surrounded along the travelling direction of said discharge current. 

[Claim 18] The manufacture approach of the carbon structure according to claim 14 or 15 characterized by 
forming said magnetic field by arranging one or two coils which make the travelling direction of said 
discharge current an abbreviation medial axis. 

[Claim 19] The manufacture approach of the carbon structure given in any 1 of claims 14-18 to which flux 
density in the latest section edge of the electrode made to generate the discharge plasma between said two 
electrodes which counters is characterized by being less than [ more than 10-5T1T ], 
[Claim 20] The manufacture approach of the carbon structure given in any 1 of claims 14-19 to which the 
discharge current consistency at the time of discharge plasma production is characterized by being less than 
[ more than 0.05A/mm215A/mm2 ] to the latest aspect product of an electrode which generates the 
discharge plasma. 

[Claim 21] The manufacture approach of the carbon structure given in any 1 of claims 14-20 to which the 
electrical potential difference impressed to said electrode is characterized by being less than [ more than 
1 V30V ]. 

[Claim 22] The manufacture approach of the carbon structure given in any 1 of claims 14-21 to which the 
electrical potential difference impressed to said electrode is characterized by being direct current voltage. 
[Claim 23] The manufacture approach of the carbon structure according to claim 22 that the latest aspect 
product of cathode is characterized by being below the latest aspect product of an anode plate between said 
two electrodes which counters. 

[Claim 24] The manufacture approach of the carbon structure given in any 1 of claims 14-23 to which the 
quality of the material of said electrode is matter containing carbon or carbon, and the electrical resistivity is 
characterized by 0.01 or more ohm-cm being 10 or less ohm-cm. 

[Claim 25] The manufacture approach of the carbon structure given in any 1 of claims 14-24 to which the 
pressure of the ambient atmosphere of said discharge field is characterized by 0.01 Pa or more being 510 or 
less kPa. 

[Claim 26] The manufacture approach of the carbon structure given in any 1 of claims 14-25 characterized 
by being the gas ambient atmosphere in which the ambient atmosphere of said discharge field contains the 
gas of at least 1 chosen from air, helium, an argon, a xenon, neon, nitrogen, and hydrogen. 
[Claim 27] The manufacture approach of the carbon structure given in any 1 of claims 14-26 characterized 
by including the gas which consists of carbon-containing meterial further in the ambient atmosphere of said 
discharge field. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacturing installation and the manufacture 
approach for manufacturing the carbon structures, such as a carbon nanotube and fuUerene. 

[0002] 

[Description of the Prior Art] The carbon nanotube discovered in the fullerene which makes representation 
C60 discovered in 1985, or 1991 attracts attention as an allotrope of different new carbon from graphite, 
amorphous carbon, and a diamond, in order that the carbon matter till then may show different unique 
electronic physical properties. 

[0003] For example, the fullerene represented by C60 and C70 has many classes besides them, and many 
carbon atoms are arranged at a spherical basket type, and it constitutes one molecule. Moreover, since 
fullerene is meltable to organic solvents, such as benzene, handling nature is good, and since not only the 
property as a superconductor or a semi-conductor but the optical high organic- functions effectiveness is 
shown, the application as an electrophotography sensitive material is also considered. Furthermore, an 
element of a different kind is doped inside fullerene, or the effective physical properties as high- 
performance material are discovered by giving various chemistry functional groups outside. 
[0004] On the other hand, like fullerene, it is the new ingredient which used only carbon as the configuration 
element, having a function as the optical organic- functions effectiveness, a semiconductor material, etc. is 
discovered, and an activity in each field of electronic industry is desired by the carbon nanotube. Especially 
a carbon nanotube is that the method (chirality) of atomic arrangement changes slightly, and since it can 
become a semi-conductor and a conductor, its expectation as the low dimension electric conduction 
ingredient and switching element of nano meter size is also high. Moreover, it is observed also as the 
electron source and hydrogen storage ingredient of a field emission mold, and also the use as a probe of a 
tunnel electron microscope or an atomic force microscope is tried. 

[0005] Conventionally, it is known that fullerene and a carbon nanotube can be manufactured by the 
approach by plasma discharge of the arc discharge which used the resistance heating method and the carbon 
rod as the raw material, the laser ablation method, the chemical-vapor-deposition method (CVD method) 
using acetylene gas, etc. However, by approaches, such as arc discharge and laser ablation, about the 
detailed mechanism by which fullerene and a carbon nanotube are generated, there are various arguments 
and the interpretation even with current [ unific ] is not made. 

[0006] About manufacture of fullerene or a carbon nanotube, various approaches have been examined for 
the purpose of extensive composition. The resistance heating method devised in the first stage was an 
approach of heating graphite and evaporating it, by contacting the tip of two graphite in rare gas, and 
making the current of several 1 OA to hundreds A energize. However, since it is very difficult to obtain the 
sample of a gram unit by this approach, in current, it is hardly used. 

[0007] An arc discharge method is what a graphite rod etc. is used for cathode and an anode plate, and 
causes arc discharge in rare gas, such as helium and Ar, and is the approach of compounding fullerene and a 
carbon nanotube. By the arc plasma by arc discharge, temperature rises to about 4000 degrees C or more, 
and, as for an anode plate point, the point of an anode plate generates evaporation and a lot of carbon 
radicals. This carbon radical serves as soot containing fullerene or a carbon nanotube, and deposits on the 
wall of cathode or equipment. If nickel compound, an iron compound, etc. are included in an anode plate, it 
can act as a catalyst and the carbon nanotube of a single wall can be produced efficiently. 
[0008] The laser ablation method is an approach of irradiating a pulse laser like an YAG laser at graphite, 
generating the plasma on a graphite front face, and producing fullerene and a carbon nanotube. The 
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description of this approach is that fixllerene and a carbon nanotube with comparatively high purity are 
obtained compared with the describing [ above ] arc discharge method. 

[0009] By the chemical-vapor-deposition method, the fuUerene and the carbon nanotube of a high grade can 
be manufactured by the chemical decomposition reaction of material gas, using acetylene gas and methane 
as a raw material. Recently, the chemical treatment of the fluorine compound is carried out, and the method 
of manufacturing a carbon nanotube efficiently by electron beam irradiation etc. is also discovered. 
[0010] In an arc discharge method, the temperature at the tip of a graphite rod rises to about 4000 degrees C, 
and a carbon radical, carbon ion, and a neutral particle are emitted so much because the electron which 
exists so much in an arc plasma, and ion will collide with the graphite rod by the side of an anode plate if a 
graphite rod is used as an electrode. These are considered that it adheres to cathode or a chamber (wall of 
equipment), or a carbon nanotube is generated in the process which carries out the reattachment to an anode 
plate side. However, in an arc plasma, by the collision with the ion and electron which were excited, since 
the complicated chemical reaction has occurred variously, it is difficult to control the amount and kinetic 
energy of carbon ion to stability, and with fullerene and a carbon nanotube, a lot of amorphous carbon 
particles and graphite particles will generate to coincidence, and will become those intermingled soot. 
[001 1] Therefore, when it is going to use fullerene and a carbon nanotube industrially, purification 
separation of fullerene or a carbon nanotube is needed. Since especially a carbon nanotube does not melt 
into a solvent, about the purification, technique, such as a centrifuge method, an oxidation style, 
ultrafiltration, and an electrophoresis method, is proposed. However, since the physical property and 
chemical property of amorphous carbon, a graphite particle, and ** used as a carbon nanotube and an 
impurity are almost equal, the separation purification method which removes an impurity completely is not 
established. Moreover, in order to pass through many purification processes, in the purification process, 
yield falls extremely or there is a problem of alkali metal etc. and the organic substance mixing with the 
surfactant conversely used as a dispersant. In order to solve this technical problem, in the synthetic phase of 
a carbon nanotube, to compound the carbon nanotube with which the high grade possible carbon nanotube, 
i.e., a graphite particle, amorphous carbon, etc., is not intermingled is desired. 
[0012] As mentioned above, although graphite is used as an electrode in case fullerene and a carbon 
nanotube are produced by the arc discharge method, by arc discharge, this electrode serves as an arc plasma 
containing radicals, such as C+, C, and C2, evaporates, and serves as the source of fullerene or a carbon 
nanotube. However, it is also the source of a graphite particle or amorphous carbon at coincidence. The 
detail does not understand on what kind of conditions the arc plasma containing radicals, such as Ch-, C, and 
C2, becomes a graphite particle, amorphous carbon and fullerene, and a carbon nanotube at the time of 
cathode deposition. The trouble of high-grade-izing [ in / carbon nanotube / with which high grade-ization is 
desired the following / the former ] is described. 

[0013] The example for which, as for composition of the high grade carbon nanotube in an arc discharge 
method, Joumet and others compounded the single Wall carbon nanotube which is about 80% of purity is 
reported (C. Joumet et.al. Nature Vol.388, p,756-758). However, still as purity, it is not enough and carbon 
nanotube composition of higher purity is desired. 

[0014] As for the laser ablation method, high grade-ized composition of a single Wall carbon nanotube is 
reported (A. Thess et.al. Nature Vol.273, p.483-487). However, by the laser ablation method, only a little 
carbon nanotube is obtained, but effectiveness is bad and leads to high cost-ization of a carbon nanotube. 
Moreover, as purity, it has only been about 70 - 90%, and it cannot be said that it is high enough. 
[0015] Since it is dependent on the chemical reaction which occurs in pyrolysis processes, such as methane 
used as a raw material, in a chemical-vapor-deposition method, it is possible to manufacture a nanotube with 
high purity. However, by the chemical-vapor-deposition method, the growth rate of a carbon nanotube is 
very low, effectiveness is bad, and industrial use is difficult. Moreover, as compared with that by which the 
structure of the manufactured nanotube was compounded by the arc discharge method or the laser ablation 
method, there are many defects etc. and they are imperfect. 
[0016] 

[Problem(s) to be Solved by the Invention] Therefore, let it be a technical problem for this invention to solve 
the trouble of the above-mentioned Prior art. It aims at specifically offering the manufacturing installation 
and the manufacture approach of the carbon structure which can compound industrially the carbon 
structures, such as fullerene of a high grade with low high impurity concentration, such as amorphous 
carbon and a graphite particle, and a carbon nanotube, by low cost efficiently. 
[0017] 

[Means for Solving the Problem] Generally, if the discharge plasma is produced all over a magnetic field, by 
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the interaction of the discharge plasma and a magnetic field, a charged particle will be shut up all over a 
magnetic field, and a mean firee path of a charged particle will become long. Therefore, the probability of 
collision of charged particles improves and the concentration of the particle without regards to reactions, 
such as a neutral particle, falls. 

[0018] this invention persons hit on an idea of the carbon structure of a high grade with low high impurity 
concentration, such as amorphous carbon and a graphite particle, being efficiently compoundable 
industrially with low cost by applying this technique to manufacture of the carbon structures, such as 
fullerene and a carbon nanotube, to a header and this invention. That is, this invention is [0019]. <1> Two 
electrodes with which the latest section counters at least, and the power source which impresses an electrical 
potential difference to inter-electrode [ said ] in order to generate the discharge plasma to this inter-electrode 
discharge field, The magnetic field which is the manufacturing installation of the preparafion ****** 
structure and has the line of magnetic force of the many directions at least to the generation field of said 
discharge plasma further, Or it is the manufacturing installation of the carbon structure characterized by 
having a field generating means to form the magnetic field which has an parallel component to the travelling 
direction of the discharge current. 

[0020] <2> The discharge plasma generated by said discharge field is the manufacturing installation of the 
carbon structure given in <1> characterized by being an arc plasma. 

[0021] <3> It is the manufacturing installation of the carbon structure given in <1> characterized by for said 
field generating means consisting of two or more permanent magnets and/or electromagnets which have 
been arranged so that said discharge field may be surrounded along the travelling direction of said discharge 
current, and for all these permanent magnets and/or electromagnets making the same pole counter said 
discharge field, and being arranged, or <2>. 

[0022] <4> Said field generating means consists of four or more the permanent magnets and/or 
electromagnets which have been arranged so that said discharge field may be surrounded along the 
travelling direction of said discharge current, and an adjacent permanent magnet and/or an adjacent 
electromagnet are the manufacturing installation of the carbon structure given in <1> characterized by 
making a different pole by tums counter said discharge field, and being arranged, or <2>. [ even ] 
[0023] <5> It is the manufacturing installation of the carbon structure given in <1> characterized by said 
field generating means consisting of one or two coils which make the travelling direction of said discharge 
current an abbreviation medial axis, or <2>. 

[0024] <6> The flux density in the latest section edge of the electrode made to generate the discharge 
plasma between said two electrodes which counters is the manufacturing installation of the carbon structure 
given in any 1 of <1>- <5> characterized by being less than [ more than 10-5T1T ]. 
[0025] <7> The discharge current consistency at the time of discharge plasma production is the 
manufacturing installation of the carbon stmcture given in any 1 of <1>- <6> characterized by being less 
than [ more than 0.05A/mm215A/mm2 ] to the latest aspect product of an electrode which generates the 
discharge plasma. 

[0026] <8> The electrical potential difference impressed to said electrode according to said power source is 
the manufacturing installation of the carbon structure given in any 1 of <1>- <7> characterized by being less 
than [ more than 1 V30V ]. 

[0027] <9> The electrical potential difference impressed to said electrode according to said power source is 
the manufacturing installation of the carbon structure given in any 1 of <1>- <8> characterized by being 
direct current voltage. 

[0028] <10> The latest aspect product of cathode is the manufacturing installation of the carbon structure 
given in <9> characterized by being below the latest aspect product of an anode plate between said two 
electrodes which counters. 

[0029] <1 1> It is the manufacturing installation of the carbon structure given in any 1 of <1>- <10> 
characterized by coming to hold said discharge field and said electrode in a well-closed container at least. 
[0030] <12> It is the manufacturing installation of the carbon structure given in <1 1> characterized by 
coming to have the ambient atmosphere adjustment device which can adjust the pressxire and/or type of gas 
of an ambient atmosphere in said well-closed container. 

[0031] <13> The quality of the material of S2iid electrode is the manufacturing installation of the carbon 
structure with the electrical resistivity given in any 1 of 0.01 or more ohm-cm of matter of 10 or less ohm- 
cm, and <1>- <12> which comes out and is characterized by a certain thing, including carbon or carbon. 
[0032] <14> It is the manufacture approach of the carbon structure which said inter-electrode discharge field 
is made to generate the discharge plasma, and manufactures the carbon structure by impressing an electrical 
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potential difference to inter-electrode [ which the latest section counters / two ], and is the manufacture 
approach of the carbon structure characterized by to form in the generation field of said discharge plasma at 
least the magnetic field which has the line of magnetic force of the many directions, or the magnetic field 
which has an parallel component to the travelling direction of the discharge current. 
[0033] <15> The discharge plasma generated by said discharge field is the manufacture approach of the 
carbon structure given in <14> characterized by being an arc plasma. 

[0034] <16> As said discharge field is surrounded along the travelling direction of said discharge current, it 
is the manufacture approach of the carbon structure given in <14> characterized by forming said magnetic 
field because all make the same pole counter said discharge field and arrange two or more permanent 
magnets and/or electromagnets, or <15>. 

[0035] <17> As said discharge field is surrounded along the travelling direction of said dischgirge current, it 
is the manufacture approach of the carbon structure given in <14> characterized by forming said magnetic 
field because adjacent things make a different pole by turns counter said discharge field and they arrange 
two or more permanent magnets and/or electromagnets, or <1 5>. 

[0036] <18> It is the manufacture approach of the carbon structure given in <14> characterized by forming 
said magnetic field by arranging one or two coils which make the travelling direction of said discharge 
current an abbreviation medial axis, or <15>. 

[0037] <19> The flux density in the latest section edge of the electrode made to generate the discharge 
plasma between said two electrodes which counters is the manufacture approach of the carbon structure 
given in any 1 of <14>- <18> characterized by being less than [ more than 10-5T1T ]. 
[0038] <20> The discharge current consistency at the time of discharge plasma production is the 
manufacture approach of the carbon structure given in any 1 of <14>- <19> characterized by being less than 
[ more than 0.05A/mm215A/mm2 ] to the latest aspect product of an electrode which generates the 
discharge plasma. 

[0039] <21> The electrical potential difference impressed to said electrode is the manufacture approach of 
the carbon structure given in any 1 of <14>- <20> characterized by being less than [ more than 1 V30V ]. 
[0040] <22> The electrical potential difference impressed to said electrode is the manufacture approach of 
the carbon structure given in any 1 of <14>- <21> characterized by being direct current voltage. 
[0041] <23> The latest aspect product of cathode is the manufacture approach of the carbon structure given 
in <22> characterized by being below the latest aspect product of an anode plate between said two 
electrodes which counters. 

[0042] <24> It is the manufacture approach of the carbon structure given in any 1 of <14>- <23> 
characterized by for the quality of the material of said electrode being matter containing carbon or carbon, 
and the electrical resistivity being below 0.01 or more ohm-cm lOohm and, and cm. 

[0043] <25> The pressure of the ambient atmosphere of said discharge field is the manufacture approach of 
the carbon structure given in any 1 of <14>- <24> characterized by 0.01 Pa or more being 510 or less kPa. 
[0044] <26> The ambient atmosphere of said discharge field is the manufacture approach of the carbon 
structure given in any 1 of <14>- <25> characterized by being a gas ambient atmosphere containing the gas 
of at least 1 chosen from air, helium, an argon, a xenon, neon, nitrogen, and hydrogen. 
[0045] <27> It is the manufacture approach of the carbon structure given in any 1 of <14>- <26> 
characterized by including the gas which consists of carbon-containing meterial further in the ambient 
atmosphere of said discharge field. 

[0046] In addition, in this invention, the carbon structure points out the thing of the carbonaceous structure 
which has the predetermined molecular structure except impurities, such as amorphous carbon and a 
graphite particle, and, specifically, means a carbon nanotube, fixUerene, and the thing that contains these in 
the structure, 
[0047] 

[Embodiment of the Invention] The detail of this invention is explained below. This invention is impressing 
an electrical potential difference to inter-electrode [ which the latest section counters / two ], makes said 
inter-electrode discharge field generate the discharge plasma, and is characterized by forming a 
predetermined magnetic field in said discharge field in the manufacturing installation and the manufacture 
approach of the carbon structure of manufacturing the carbon structure. Here, a predetermined magnetic 
field is the magnetic field which has the line of magnetic force of the many directions at least to the 
generation field of said discharge plasma, or a magnetic field which has an parallel component to the 
travelling direction of the discharge current. 

[0048] Since the discharge plasma containing radicals, such as C+, C, and C2, is shut up all over a magnetic 
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field by generating the discharge plasma all over a predetermined magnetic field, the probability of collision 
of the charged particle in the discharge plasma improves, and what can raise the generation effectiveness of 
the carbon structure now is presumed. Consequently, according to this invention, it becomes possible to 
reduce the amorphous carbon used as an impurity, and a graphite particle. 

[0049] Drawing l (a) is the type section Fig. showing an example of the manufacturing installation of the 
carbon structure of this invention, and drawing 1 (b) is an A-A sectional view in drawing 1 (a). Two 
electrodes with which the manufacturing installation of the carbon structure shown in drawing 1 has been 
arranged in the reaction container (chamber) 10 which is a well-closed container and with which the latest 
section counters (cathode 1 1 and anode plate 12), The mobile 13 which can slide cathode 1 1 possible 
[ adjustment of the gap of cathode 1 1 and an anode plate 12 ], the power source 18 which impresses an 
electrical potential difference between cathode 1 1 and an anode plate 12, the vacuum pxmip 14 which can 
decompress the pressure of the ambient atmosphere in the reaction container 10, the chemical cylinder 17 
which holds desired gas, and the introductory tubing 15 which opens between the chemical cylinder 17- 
reaction containers 10 for fi-ee passage ~ and The ambient atmosphere adjustment device which consists of a 
bulb 19 whose closing motion of the firee passage condition is enabled, since ~ it is characterized by having 
arranged permanent magnets 20-23 further, to the manufacturing installation of the carbon structure by the 
usual discharge plasma constituted, so that said discharge field may be surrounded along the travelling 
direction of said discharge current. That is, when an electrical potential difference is impressed between 
cathode 1 1 and an anode plate 12, a predetermined magnetic field is formed with permanent magnets 20-23 
to the discharge field between the cathode 1 1 which the discharge plasma generates, and an anode plate 12. 
[0050] As a predetermined magnetic field formed, a perimeter is surrounded with the line of magnetic force 
of the ** many directions, the magnetic field space used as a state of obstruction and ** line of magnetic 
force serve as a travelling direction of said discharge current, and abbreviation parallel, and, specifically, the 
magnetic field space which will be in the condition that movement of the charged particle in the discharge 
plasma was regulated by line of magnetic force is mentioned. When four permanent magnets are used like 
this example, the magnetic field of the mode of former ** can be formed. 

[0051] ** A perimeter is surrounded with the line of magnetic force of the many directions, and the example 
of the magnetic field space used as a state of obstruction is shown in drawing 2 . Drawing 2 is drawing 
showing the condition of the line of magnetic force at the time of defining a magnetic pole about the 
permanent magnets 20-23 in drawing 1 (b), and the south pole and the void section show [ the black painting 
section ] N pole in each permanent magnets 20-23. Line of magnetic force is shown by the curve of a 
continuous line. In addition, no modes the line of magnetic force shown in drawing 2 is assumed to be are 
shown, and only the typical thing is shown. 

[0052] All the permanent magnets 20-23 make the south pole counter said discharge field, and it arranges 
drawing 2 (a). In this case, it repels mutually each other's line of magnetic force emitted towards said 
discharge field fi-om each permanent magnets 20-23, and the field shown by A will be in the condition of 
having been surrounded with the line of magnetic force of the many directions. 

[0053] Permanent magnets 21 and 23 make N pole the south pole counter said discharge field, respectively, 
and permanent magnets 20 and 22 arrange drawing 2 (b). That is, an adjacent permanent magnet makes a 
different pole by tums counter said discharge field, and is arranged. In this case, the field which it converges 
the line of magnetic force emitted towards said discharge field fi-om each permanent magnets 20-23 on an 
adjacent permanent magnet, and is shown by A will be in the condition of having been surrounded with the 
line of magnetic force of the many directions. 

[0054] As mentioned above, if the field of the many directions acts on the field which is shown by A 
according to the mode shown in drawing 2 (a) and drawing 2 (b) and the discharge plasma is generated in 
the field A concerned, movement of the charged particle in said discharge plasma will be presumed to be 
what is regulated in the space between cathode 1 1 -anode plate 12. Thus, if the carbon structure is 
manufactured, the carbon structure of a high grade with low high impurity concentration is efficiently 
compoundable by low cost industrially. 

[0055] Formation of the magnetic field of this mode can be formed by using two or more permanent 
magnets, and is not necessarily limited to four pieces. What is necessary is to arrange so that said discharge 
field may be surrounded using three pieces or five flat-surface permanent magnets or more, to make both 
crevices counter and just to arrange in the former "mode in which all the permanent magnets make the same 
pole counter said discharge field, and it arranges it", for example, even if it is two pieces when a curved- 
surface-like permanent magnet is used, moreover, the upper limit of the number of a permanent magnet — as 
long as — there is nothing. Furthermore, in drawing 2 (a), although considered as the mode which the south 
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pole is made to counter said discharge field, and arranges it, if all are the same poles, they do not have a 
problem, namely, it is good also as making N pole counter said discharge field, and arranging it. 
[0056] although it becomes indispensable [ it is indispensable that they are even pieces since an adjacent 
permanent magnet needs to change a pole by turns in the latter "mode in which an adjacent permanent 
magnet makes a different pole by turns counter said discharge field, and arranges it", and I the number of 
permanent magnets ] since it is necessary to surround said discharge field with line of magnetic force that 
they are four or more pieces — an upper limit — as long as — there is nothing. 

[0057] As an example of others of the mode of** of the above and a predetermined magnetic field, the 
mode which generates the discharge plasma in the inner hole of the permanent magnet of a cylindrical shape 
is mentioned, for example. As mentioned above, although the mode of ** of a predetermined magnetic field 
was explained using the permanent magnet, even if it is not limited to a permanent magnet and it uses an 
electromagnet, and the both sides of a permanent magnet and an electromagnet are used for the magnet to be 
used, it is not cared about. 

[0058] The mode of** of the predetermined magnetic field formed is explained. ** The example of 
magnetic field space in which line of magnetic force serves as a travelling direction of said discharge current 
and abbreviation parallel, and movement of the charged particle in the discharge plasma will be in the 
condition of having been regulated by line of magnetic force is shown in drawing 3 . Drawing 3 (a) is the 
perspective view showing the condition of the line of magnetic force formed when an electrical potential 
difference is impressed to the coil 26 of the electromagnet 28 which twists a coil 26 around the cylinder 
object 24, and is obtained. Drawing 3 (b) It is the perspective view showing the condition of the line of 
magnetic force formed when an electrical potential difference is impressed to the coils 26a and 26b which 
were made to estrange the electromagnets 28a and 28b obtained similarly on the same axle, have arranged 
ttiem, and were twisted aroimd each cylinder objects 24a and 24b. Line of magnetic force is shown by the 
curve of a continuous line and a broken line. In addition, no modes the line of magnetic force shown in 
drawing 3 is assumed to be are shown, and only the part is shown only for the typical thing also about each 
line of magnetic force. 

[0059] In the mode of drawing 3 (a), line of magnetic force will be in the condition of penetrating the 
interior of the cylinder object 24. That is, in the cylinder object 24 interior, it is the bundle of the line of 
magnetic force of abbreviation parallel. It is thought that the discharge plasma can be shut up all over a 
magnetic field by making the discharge plasma generate inside the cylinder object 24, and making the sense 
of the line of magnetic force of the cylinder object 24 interior and the travelling direction of said discharge 
current mostly in agreement. 

[0060] the voice of drawin g 3 (b) — like — setting ~ line of magnetic force the cylinder objects 24a and 
24b — while it will be in the condition of penetrating each interior, a synthetic magnetic field is formed in 
both gap. a synthetic magnetic field — the cylinder objects 24a and 24b — although the line of magnetic 
force which penetrated each interior goes straight on as it is, the interior of a cylinder object of another side 
is penetrated and some line of magnetic force is leaked very much from the space between cylinder object 
24a and 24b, it will be in the condition that one coil is formed. That is, in the space between cylinder object 
24a and 24b, it is the bundle of the line of magnetic force of abbreviation parallel. It is thought that the 
discharge plasma can be shut up all over a magnetic field by making the discharge plasma generate in the 
space between cylinder object 24a and 24b, and making the sense of the line of magnetic force of the space 
between cylinder object 24a and 24b and the travelling direction of said discharge current mostly in 
agreement. 

[0061] The sense of the line of magnetic force in the space between the cylinder object 24 interior or 
cylinder object 24a, and 24b and the travelling direction of said discharge current do not have the need of 
making it completely in agreement. Even if it does not make it completely in agreement, the magnetic field 
which can shut up the discharge plasma all over a magnetic field should just be formed. However, if both 
not much large include angle is taken, since an electrode may be destroyed from the relation of the field- 
electric-field-force, it is desirable to consider as the reinge which is 0 degree - 30 degrees, and it is more 
desirable to consider as the range which is 0 degree - 10 degrees. 

[0062] Moreover, what is necessary is just to be able to shut up the discharge plasma all over a magnetic 
field, even if the travelling direction of said discharge current does not lap with the medial axis of said 
magnetic field completely. However, if the discharge plasma is made to generate in the place which was far 
apart from the medial axis of a magnetic field too much, since the rectilinear-propagation nature of the 
discharge plasma will be spoiled, it is desirable for the shaft of the travelling direction of the discharge 
current to come to less than 20% of location to the distance from the medial axis of a magnetic field to 
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"cylinder object 24 inside" or "extension of cylinder object 24a and 24b inside." In addition, although the 
travelling direction of the discharge current originally is not fixed in order that the discharge plasma may 
generate on the basis of the part of the arbitration within the flat surface when the electrode latest section is a 
flat surface, in this invention, it is considered that the line which connects the cores of the latest section of 
two electrodes which counter is the shaft of the travelling direction of the discharge current. 
[0063] For example, the mode which generates the discharge plasma in the inner hole of this electromagnet 
is mentioned, using the electromagnet of a toroidal mold as an example of others of the mode of ** of the 
above and a predetermined magnetic field. 

[0064] As a class of discharge plasma, although an arc plasma, the glow plasma, etc. are mentioned, in order 
to manufacture the carbon structures, such as flillerene and a carbon nanotube, efficiently, considering as an 
arc plasma is desirable. Moreover, although fullerene and a carbon nanotube can be alternatively 
manufactured by controlling various conditions, such as a pressure of the ambient atmosphere in said well- 
closed container, the example which mainly manufactures a carbon nanotube is explained in the following 
explanation. 

[0065] Next, the example of manufacture of the carbon structure by the manufacturing installation of the 
carbon structure shown in drawing 1 is explained. Although the reaction container (chamber) 10 is a well- 
closed container of a cylindrical shape (it arranges so that both cylindrical bases may come for right and left 
on a drawing) and its stainless steel is desirable as the quality of the material also in a metal, an aluminium 
alloy, a quartz, etc. are suitable. Moreover, a configuration may not be limited to a cylindrical shape, either 
and a desired configuration is sufficient as a core box etc. Furthermore, in making the ambient atmosphere 
of a discharge field into the ambient atmosphere of atmospheric pressure and air and making the carbon 
structure adhere on the outskirts of the latest section of cathode 1 1, the reaction container 10 is 
indispensable, and there is, or it does not have the need that the reaction container 10 is a well-closed 
container. [ no ] 

[0066] In the reaction container 10, the cathode 1 1 and the anode plate 12 which are two electrodes with 
which the latest section counters are arranged. When the quality of the material of the reaction container 10 
has conductivity, such as a metal, at this time, the reaction container 10, cathode 11, and an anode plate 12 
are fixed in the condition of having insulated electrically. In addition, as arrangement of two electrodes 1 1 
and 12, as shown in drawing 1 (a), both shaft is made in agreement, and a predetermined include angle is 
given to the shaft of two electrodes 1 1 and 12, and it does not matter as a condition which the latest sections 
are made to approach except that it considers as the condition of having countered completely. When "the 
latest section counters" in this invention is said, it considers as the concept which contains also in this latter. 
Of course, it is desirable to consider as the mode of the former shown in drawing 1 (a). 
[0067] Arrangement of electrodes 1 1 and 12 can realize discharge of arc discharge with stable making it the 
opposed face of cathode 1 1 and an anode plate 12 become parallel etc., and that of composition of the 
efficient carbon structure is possible. As the quality of the material of two electrodes 1 1 and 12, although 
carbon is desirable, if the electrical resistivity is the 0.01 or more ohm-cm matter of 10 or less (0.01 or more 
ohm-cm 1 or less ohm-cm [ Preferably ]) ohm-cm, it can use suitably, including carbon. 
[0068] A cylindrical shape is desirable, although it is not restricted and a cylindrical shape, an rectangular 
pipe form, and truncated ******** are mentioned especially as a configuration of two electrodes 1 1 and 12. 
Moreover, especially as a diameter (when the latest section is circular and there is, it is the projected area 
diameter of the same area) of the latest section of two electrodes 1 1 and 12, although not restricted, 1mm or 
more 1 00mm or less is desirable. [ no ] 

[0069] It is desirable for the latest aspect product of cathode 11 to be below the latest aspect product of an 
anode plate 12 between two electrodes 1 1 and 12 which counter. By making the latest aspect product of 
cathode 1 1 below into the latest aspect product of an anode plate 12, the purity of the carbon structure 
obtained improves fiirther. As both surface ratio (the latest aspect product of the latest aspect product / 
anode plate 12 of cathode 11), being referred to as 0.1-0.9 is desirable, and being referred to as 0.2-0.5 is 
more desirable. 

[0070] In order to stabilize discharge, it is also desirable to carry out water cooling of the electrodes 1 1 and 
12, and to suppress the rise of electrode temperature. It is desirable to use a metal with high thermal 
conductivity, especially copper for the supporter (un-illustrating) of electrodes 1 1 and 12 to carry out water 
cooling of the electrodes 1 1 and 12. 

[0071] The ambient atmosphere in the reaction container 10 is made into the condition of a request of the 
ambient atmosphere of a discharge field by adjusting suitably with the ambient atmosphere adjustment 
device which consists of a vacuum pump 14, a chemical cylinder 17, introductory tubing 15, and a bulb 19. 
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After being able to decompress or pressurize the inside of the reaction container 10 with a vacuum pump 14 
and specifically decompressing the inside of the reaction container 10 with a vacuum pump 14, a bulb 19 
can be opened wide and it can consider as a desired gas ambient atmosphere by sending in in the reaction 
container 10 through the introductory tubing 15 from the chemical cylinder 17 which holds desired gas. Of 
course, to consider as the ambient atmosphere of atmospheric pressure and air, this controlled atmosphere 
actuation is not required. 

[0072] As a vacuum pximp 14, a rotary pump, a diffusion pump, or a turbo molecular pump is mentioned. 
[0073] The ambient atmosphere in the reaction container 10 (namely, ambient atmosphere of a discharge 
field.) the following — the same . As a pressure, although what is necessary is just 510 or less kPa 0.01 Pa or 
more, it is desirable that it is [ 0.1 Pa or more ] 105 or less kPa, and it is more desirable that it is [ 13Pa or 
more ] 70 or less kPa. This pressure, then the carbon nanotube of a high grade can be manufactured. 
Moreover, if a pressure lower than the above-mentioned pressure range is chosen, the fullerene of a high 
grade is generable. 

[0074] Although especially the controlled atmosphere in the reaction container 10 is not restricted, air, 
helium, an argon, a xenon, neon, nitrogen and hydrogen, or these mixed gas is desirable. What is necessary 
is to exhaust the reaction container 10 interior with a vacuum pump 14, and just to introduce gas after that 
from the chemical cylinder 1 7 which holds desired gas to a predetermined pressure, in introducing desired 

gas. 

[0075] In this invention, the gas which consists of carbon-containing meterial further into the ambient 
atmosphere in the reaction container 10 can also be included. In this case, it is good also as an ambient 
atmosphere of only the gas which consists of carbon-containing meterial, and the gas which consists of 
carbon-containing meterial may be introduced into [ above-mentioned various ] a gas ambient atmosphere. 
By including the gas which consists of carbon-containing meterial in an ambient atmosphere, the carbon 
structure of unique structure which is manufactured in the below-mentioned example 5 can be 
manufactured. This carbon structure makes a carbon nanotube a medial axis, and the carbonaceous structure 
grows up to be the surroundings. 

[0076] As usable carbon-containing meterial, although not limited, inorganic substance [, such as ketones; 
petroleum; gasoline; carbon monoxides /, such as an alcohols; acetone, /, such as hydrocarbons; ethanol such 
as ethane, methane a propane and a hexane, a methanol, and propanol, and a carbon dioxide, ]; etc. is 
mentioned, and an acetone, ethanol, and a hexane are desirable especially. 

[0077] If magnetism may be produced, anythings can use the permanent magnets 20-23 as a field generating 
means. It may replace with a permanent magnet like previous statement, and an electromagnet may be used. 
The configuration shown in drawing 2 and drawing 3 like previous statement as a predetermined magnetic 
field to form is mentioned. In the equipment of drawing 1 , two kinds of magnetic fields, (a) of drawing 2 
and (b), can be chosen. 

[0078] moreover, the inside of line of magnetic force [ in / on the predetermined magnetic field to form 
and / said discharge field ] — the shaft (namely, an electrode 11, the travelling direction of the discharge 
current formed among 12) of electrodes 1 1 and 12, and abbreviation ~ when that more parallel components 
are included manufactures a carbon nanotube, it can obtain what has high purity and is desirable. That is, if 
it says by drawing 2 , the magnetic field shown in (a) is more desirable than (b). In this example, it 
considered as arrangement of drawing 2 (a). 

[0079] The discharge plasma is made to generate between two electrodes 1 1 and 12 in the manufacturing 
installation of the carbon structure of drawing 1 to which conditions were set as mentioned above by 
impressing an electrical potential difference between an electrode 1 1 and 12 according to a power source 18. 
When performing arc discharge, contact arc processing may be performed in advance of arc discharge. After 
contact arc processing contacts an electrode 1 1 and 1 2 comrades and impresses an electrical potential 
difference, electrodes 1 1 and 12 are detached to a fixed inter-electrode distance with a mobile 13, and the 
processing which generates the discharge plasma is said. By this processing, the stable discharge plasma is 
acquired ease and quickly. 

[0080] Although a direct current or an altemating current is sufficient as an electrode 1 1 and the electrical 
potential difference impressed among 12, when much more improvement in purity of the carbon structure 
obtained is desired, its direct current is more desirable. In addition, in impressing an altemating current, 
there is no distinction of an anode plate and cathode in electrodes 1 1 and 12. 

[0081] It is desirable that the discharge current consistency at the time of discharge plasma production is 
less than [ more than 0.05A/mm215A/mm2 ] to the latest aspect product of an electrode which generates the 
discharge plasma, and it is more desirable that it is less than [ more than 1 A/mm25A/mm2 ]. Here, "the 
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electrode made to generate the discharge plasma" points out an electrode with the latest smaller aspect 
product, when the electrical potential difference which points out and impresses cathode when the electrical 
potential difference to impress is a direct current is an alternating current (the same about other conventions 
[ Setting to this invention. ].). 

[0082] As an electrical potential difference impressed to electrodes 1 1 and 12 according to a power source 
18, it is desirable that it is less than [ more than 1 V30V ], and it is more desirable that it is less than [ more 
than 15V25V ]. Since the point of an electrode 12 is consumed, an electrode 1 1 and the distance between 12 
change with discharge during discharge. It is desirable by adjusting suitably change of such an electrode 1 1 
and the distance between 12 with a mobile 13 to control so that an electrode 1 1 and the electrical potential 
difference between 12 become fixed. 

[0083] As impression time amount of an electrical potential difference, it is desirable that 180 or less 
seconds takes 3 seconds or more, and it is more desirable that 60 or less seconds takes 5 seconds or more. 
Applied voltage is not stabilized in less than 3 seconds, and if the purity of the carbon structure obtained 
may fall and 1 80 seconds is exceeded, the magnetic field strength of permanent magnets 20*23 falls with the 
radiant heat of the discharge plasma, or since it may disappe2ir, it is not desirable respectively. 
[0084] In the latest section edge of the electrode made to generate the discharge plasma as flux density in a 
predetermined magnetic field between two electrodes 1 1 and 12 which counter, it is desirable that it is less 
than [ more than 10-5T1T ]. If it is difficult for flux density to form an effective magnetic field less than 
[ 10-5T ] and it exceeds IT, since it may become difficult to make the permanent magnets 20-23 made to 
generate a field approach the interior of equipment to the generation field of the discharge plasma, and to 
arrange, it is not desirable respectively. As this flux density, by considering as less than [ more than 1 0- 
4T10-2T ], since stable discharge breaks out, the carbon structure (especially carbon nanotube) is efficiently 
generable. 

[0085] If the discharge plasma is made to generate between an electrode 1 1 and 12 as mentioned above, 
carbon will secede firom electrode 1 1 fi'ont face, this will react, and the carbon structures, such as fiiUerene 
and a carbon nanotube, will be generated. The produced carbon structure is deposited on the latest section 
fi'ont face of cathode 1 1 or its circumference, and a pan at reaction container 10 wall. 

[0086] About the carbon nanotube deposited on the latest section fi'ont face of cathode 1 1 at drawing 4 , the 
cross-section photography photograph observed with the scanning electron microscope is shown (one 5000 
times the scale factor of this). This cross-section photography photograph photos the cross section in the 
surface photography photograph ( drawing 5 ) taken in the below-mentioned example 1 . In addition, some 
errors have produced the scale factor of a photograph with extent of the enlargement of a photograph 
(setting in various scanning electron microscope photographs hereafter the same). In the photograph of 
drawing 4 , the bottom is the latest section (outside of a photography screen) of cathode 1 1 , and the deposit 
which contains a carbon nanotube upward has accumulated. In the photograph of drawing 4 , the carbon 
nanotube is reflected to the thin line. 

[0087] The carbon nanotube obtained by the manufacturing installation thru/or the manufacture approach of 
the carbon structure of this invention is concentrated near the outermost layer so that it may understand with 
the photograph of drawing 4 . The massive bodies which appear under the carbon nanotube near the 
outermost layer are imagined to be impurities, such as amorphous carbon. Therefore, what is necessary is 
just to grind the carbon nanotube near the outermost layer physically, in order to obtain the carbon nanotube 
of a high grade finally. 

[0088] The carbon structure of a high grade can be manufactured extremely, using plasma discharge 
irradiation, such as low cost manufacture easily and arc discharge, as mentioned above according to this 
invention. When obtaining especially a carbon nanotube, the purity can be made into 95% or more of thing 
according to conditions. 
[0089] 

[Example] Hereafter, although an example explains this invention concretely, this invention is not restricted 
to these examples. 

(Example 1) In the example 1, the carbon nanotube was manufactured using the manufacturing installation 
of the carbon structure shown in drawing 1 . The conditions of each concrete configuration are as follows. 
[0090] - Reaction container 10: Cylinder container chamber made fi"om stainless steel. The diameter of 
210mm, die length of 380mm, 

- Cathode 1 1 : Cylindrical shape graphite rod with an outer diameter of 5mm (99.9% or more of purity) 

- Anode plate 12: Cylindrical shape graphite rod with an outer diameter of 15nmi (99.9% or more of purity) 

- Mobile 13: What made cathode 1 1 possible movable with the stepping motor. Moreover, it adjusts so that 
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an electrode 1 1 and 12 distance may be kept constant at the time of plasma discharge. 
- Power source 1 8: The power source and permanent magnets 20-23 for welding: 8mm in 100mm long, 
lOOmm wide, and thickness and four permanent magnets made from a ferrite are arranged as shown in 
drawing 2 (a). The minimum distance of the permanent magnets which counter is 108mm. The flux density 
in the latest section edge of cathode 1 1 is 7mT(s). 

[0091] The carbon nanotube was manufactured using the above manufacturing installation. The inside of the 
reaction container 10 was not decompressed, but operated it with the air of 101 .325kPa (one atmospheric 
pressure). In order to perform arc discharge between an electrode 1 1 and 12, contact arc processing was 
performed and between an electrode 1 1 and 12 was detached 0.5mm - about 3mm after discharge starting in 
the beginning. The electrical potential difference impressed according to the power source 18 was made into 
the direct current voltage of 1 8 V. Under the above conditions, arc discharge was performed for about 1 
minute. The current value was 40A and the discharge current consistency to the latest aspect product of 
cathode 1 1 was 2.0A/mm2. 

[0092] Cathode 1 1 was taken out after discharge and the latest section of the was observed with the scanning 
electron microscope. The Hitachi scanning electron microscope S-4500 was used for scanning electron 
microscope observation (setting to other scanning electron microscope observation the same). By scanning 
electron microscope observation, the carbon nanotube of a high grade was generating to the abbreviation 
3mmx3mm very large field. 

[0093] The scanning electron microscope photography photograph of the field which the above-mentioned 
carbon nanotube is generating in the latest section front face of cathode 1 1 is shown in drawing 5 (one 
20000 times the scale factor of this). The carbon nanotube manufactured by this invention has very few 
contents of an impurity, and the scanning electron microscope photography photograph of drawing 5 shows 
that it is a high grade very much. The scaiming electron microscope photography photograph of drawing 5 
showed that it was 99% or more, when the purity was estimated. In addition, the cross-section photography 
photograph at this time is as being shown in drawing 4 like previous statement. 

[0094] (Example 1 of a comparison) In the example 1 , permanent magnets 20-23 have not been arranged, 
but except having not formed a magnetic field, it discharged on the same conditions with the example 1 , 
using the same equipment for all, and the carbon nanotube was manufactured. 

[0095] When cathode 1 1 was taken out and the latest section of the was observed with the scaiming electron 
microscope like the example 1 after discharge, the carbon nanotube was not formed extremely locally. 
[0096] The local scanning electron microscope photography photograph of a field in the latest section front 
face of cathode 1 1 which the above-mentioned carbon nanotube is generating is shown in drawing 6 (one 
20000 times the scale factor of this). As the scanning electron microscope photography photograph of 
drawing 6 showed, it was that in which both impurities have accumulated also in the field which the carbon 
nanotube is generating, and purity and yield are sharply inferior compared with an example 1 . 
[0097] (Example 2) In the example 1, except arrangement of permanent magnets 20-23 having been shown 
in drawing 2 (b), it discharged on the same conditions with the example 1 , using the same equipment for all, 
and the carbon nanotube was manufactured. At this time, the flux density in the latest section edge of 
cathode 1 1 was 7mT(s). 

[0098] When cathode 1 1 was taken out and the latest section of the was observed with the scanning electron 
microscope like the example 1 after discharge, compared with the example 1, the carbon nanotube of a high 
grade was generating to the field of about 10 micrometer around despite the narrow field. 
[0099] The scanning electron microscope photography photograph of the field which the above-mentioned 
carbon nanotube is generating in the latest section front face of cathode 1 1 is shown in drawing 7 (one 
20000 times the scale factor of this). In the field which the carbon nanotube is generating, there are few 
contents of an impurity and the scanning electron microscopd photography photograph of drawing 7 shows 
that it is the carbon nanotube of a high grade. 

[0100] (Example 3) In the example 1, except having decompressed the inside of the reaction container 10 to 
53kPa(s) with the vacuum pump 14, it discharged on the same conditions with the example 1, using the 
same equipment for all, and the carbon nanotube was manufactured. 

[0101] the place which took out cathode 1 1 and observed the latest section of the with the scanning electron 
microscope like the example 1 after discharge ~ about 2mm thing around — the carbon nanotube of a high 
grade was generating to the large field. 

[0102] The scanning electron microscope photography photograph of the field which the above-mentioned 
carbon nanotube is generating in the latest section front face of cathode 1 1 is shown in drawing 8 (one 
20000 times the scale factor of this). In the field which the carbon nanotube is generating, there are few 
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contents of an impurity and the scanning electron microscope photography photograph of drawing 8 shows 
that it is the carbon nanotube of a high grade. 

[0103] (Example 4) In the example 1, the air in the reaction container 10 was exhausted with the vacuxmi 
pump 14, nitrogen was introduced from the chemical cylinder 17, except having considered as the nitrogen- 
gas-atmosphere mind of pressure 51kPa, it discharged on the same conditions with the example 1, using the 
same equipment for all, and the carbon nanotube was manufactured. 

[0104] the place which took out cathode 1 1 and observed the latest section of the with the scanning electron 
microscope like the example 1 after discharge - about 2nmi thing around — the carbon nanotube of a high 
grade was generating to the large field. 

[0105] The scanning electron microscope photography photograph of the field which the above-mentioned 
carbon nanotube is generating in the latest section front face of cathode 1 1 is shown in drawing 9 (one 
20000 times the scale factor of this). In the field which the carbon nanotube is generating, there are few 
contents of an impurity and the scanning electron microscope photography photograph of drawing 9 shows 
that it is the carbon nanotube of a high grade, 

[0106] (Example 5) In the example 1, the air in the reaction container 10 was exhausted with the vacuum 
pump 14, the acetone was introduced from the chemical cylinder 17, except having considered as the 
acetone ambient atmosphere of pressure 40kPa, it discharged on the same conditions with the example 1, 
using the same equipment for all, and the carbon structure was manufactured. 

[0107] when cathode 1 1 was taken out and the latest section of the was observed with the scanning electron 
microscope like the example 1 after discharge, the carbon structure of a high grade was generating to the 
very large field of about 3mm around. This carbon structure makes a carbon nanotube a medial axis, and the 
carbonaceous structure grows up to be the surroundings. 

[0108] The scaiming electron microscope photography photograph of the field which the above-mentioned 
carbon structure is generating in the latest section front face of cathode 1 1 is shown in drawing 10 (one 
10000 times the scale factor of this). In the field which the carbon structure is generating, there are few 
contents of an impurity and the scanning electron microscope photography photograph of drawing 10 shows 
that it is the carbon structure of a high grade. 

[0109] (Example 6) In the example 1, except having arranged two permanent magnets of a cylindrical shape 
. similar to the configuration shown in drawing 3 (b) instead of permanent magnets 20-23 on electrodes 1 1 
and 12 and the same axle around electrodes 1 1 and 12, respectively, and having formed the magnetic field, it 
discharged on the same conditions with the example 1, using the same equipment for all, and the carbon 
structure was manufactured. At this time, the flux density in the latest section edge of cathode 1 1 was 18mT 
(s). 

[01 10] When cathode 1 1 was taken out and the latest section of the was observed with the scanning electron 
microscope like the example 1 after discharge, the carbon nanotube of a high grade was generating to the 
1 .2mmx300micrometer field. 

[01 1 1] The scanning electron microscope photography photograph of the field which the above-mentioned 
carbon nanotube is generating in the latest section front face of cathode 1 1 is shown in drawing 1 1 (one 
10000 times the scale factor of this). In the field which the carbon nanotube is generating, there are few 
contents of an impurity and the scanning electron microscope photography photograph of drawing 1 1 shows 
that it is the carbon nanotube of a high grade very much. 
[0112] 

[Effect of the Invention] As explained above, according to this invention, the manufacturing installation and 
the manufacture approach of the carbon structure which can compound industrially the carbon structures, 
such £is fiiUerene of a high grade with low high impurity concentration, such as amorphous carbon and a 
graphite particle, and a carbon nanotube, by low cost efficiently can be offered. Although the manufacturing 
installation and the manufacture approach of the carbon structure of this invention are simple for the 
configuration, since the effectiveness is very large, industrial usefiilness is very high. 

[Translation done.] 
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fi!c$n?.5K;'3^com^^^N-r$4M0T-feD, 03 (b) 
li. wimicLxm^nrcmmsz s a. 2 s b%isiia± 

{cBtra^-frTBeHL. #R(IIf*:2 4 a. 2 4 b{C#tO 
{t5)n/'ca^;l/2 6 a, 2 6 b (cflE^EniPLfc^tcjg 

\^^xm-^n^mt}mi. m^-^n^-^xoymmff^^^-^n 

[0 0 5 9] 03 (a) cD^litCtSl^Tti. 
lif|*:2 4tOrtg|5T'Sl«y7XT^5fefi!t?-S, RfH 

[0 0 6 0] 03 (b) ©®«|{cfcv>T{i. fiB[:^iSft^P3 
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i§[f*2 4a. 2 4 b^n^n<Dl^a?«:«ji-r5<^«li:* 

fisiiiis nfsi#2 4a. 2 4 b^n^nortSP^Kjit 

U C*<-ai5<Dfiai:^i!9ttP3l§l|*:2 4 a. 2 4 bS<D^F^ 

t!>^m^t^iy<D(D. $>rci)^i>l'D(Da^jl%i^^bX 
l/^-Sck9*tlc^i:i5:-5o O^0> P3iJf*:2 4a. 24b 

5o niiii*2 4 a. 2 4 bP^(D^P^T-]Ktt:/vX-7^4 
10 fi!t$-&, AO. P3fSJi4:2 4a. 2 4 bF^OSr^©^;^)^ 

tx\ mmf^x-r^mm^icmcmb^cttfiX'^^ 

[0 0 6 1] nmwzAf^^. srcti, nmwz 4 a. 
2 4bF^<o^^fc*3tj5jK:^*goi6jti:, mEnnwm. 

u n^<Dnm^h^K>±^<^^t. m.n-m--ti 
° -3 0' <D^mt-r^ctt)m^L<. 0° ~i 0° 

[0 0 6 2] f fc. B5IB]K««}5S©)itW[6]A^tfilBJS^ 

^\m\^cii>^cttf^X'^tiiitii\^\ fztzu m.m<o^ 
>miy^ ^i^^Kfimtc^Tctc^ xmn-fy x-^-^±^ 
t^^t. WMfyX^<Dm:M^timrj:t>n^rzib. m 

a. 2 4brtfficDiiSj *T'®^iltCi*LTs 2 0%i:^ 
t3^/^T^i. S^(S]-rS2O<D«1S©a5t4Sg|5<D4''L^|0|±* 

[0 0 6 3] ±ie. wi&(Dmm<r>o<Dmm(D^(Dm(Dm 
mE<Dp^ii(Dtpxi&mfyx-r:^^^-^E^^mmt)mf 

40 [0 0 6 4] 1£LnfyX-r(Dmmt bXit. 

xv. ^•p-7'5Xv^Awe.n?.*^ 9)]mB^<yy 

5/c46{c(i, 7-^7°7Xvi:-r5c:^:*W*U\ * 
t^cticj^iy, •yy-vy^ti-nr^yi-yi-a.-y^ 

mim^m^r^!Ltt>n'^^ti\ i:xT(r>wm\cis\^^x 

[0 0 6 5] i>[{c. 0 1 ^z7rst)^mmmw<omtm.m\rL 
50 J:5^^^^^ii^*o8ijg0lJ^co^^Tl^^fl^•rs, KfS^s 
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(^^y/^-) 1 Of*, mm mm±. i^^icm<o 

[00 6 6] SfS^gg 1 0 ffJlC ti. «5t4SSi5A<W[^-r § 10 
20(D«1iT'fe§lt@ 1 1 *5J:Q*IHS 1 2 A^SBK^n 

-rs^-a-ici*. siss§§ 1 0 tmm 1 1 ^^x^mm 1 2 
ocDSffil 1. 1 zommtLxii. mi (a) t^-r 

i:-r5(JA\ 2 0(7)M1Sl 1. 1 2<Dtt{CRlf^O^Jt^ 
1 (a) tc^x^n^Bii#(DS1^i:-r5Ci:*<M*Lv\ 

[0 0 6 7] m@ 1 1 . 1 z(Dmmii. mm 1 1 tmm 

1 2tD5^[^E*^¥fTi:=S:?>c);^t-r;Siii:3b\ ^^*7 

fi!c5b^T'tSo 2 0(D««ii 1, 1 2<DMntLXli. ^ 
^*<aSLv>*^ J^II^#**>o^tD«MffiJn^A<0. 
0 1 Q • c mi:i± 1 0 Q • c mJ-XT «!f f L < 0 . 

0 1 Q • c mJ.X± 1 Q • c mJi(T) ©f^KTfentf »jg 

[0 0 6 8] 20©«1il 1. 1 2©J^i^ci:LTti. It 30 

icmm-&rL^h(DrHirj:<. nrnm. n^m. mmpim 

«iii 1. 1 2oa$tsgi5cDiig im^tsm^nBTm 
v^tf^tti, iHi-ffiacoRtBSS) tLXii. mcum 

1 mmiyL± 1 0 0 mmt^T^^M 
[0 0 6 9] WlS]-r?>2 0CD«1i 1 1 . 1 209-^v ^ 

«8i 1 <^«5t4isgi5ffi«*^ mm 1 2(Dm^izmmixr 
X'h^c tti^m^ mm 1 1 <Dm9tmmsm^mm 
1 2(Dm9iiQ^mmuTtt^!itx\ mibn^mmm 40 
)gi*o$i6fiAUo-»iS)±-r?.o M^coffi«j:t (mm I 

1 ©«Jfe«a5B«/ll«i 1 2 £Oft5t«g|5®a) i: LT 
{i. 0. 1~0. 9tt?>Ctiim^L<. 0. 2~ 
0. 5i:-r5iii:*U0»*Li\ 

[0 0 7 0] «{«^$^$-&5fcJ6{C, tt® 1 1 . 12 

<il 1, 1 2%7|<;^L.fct/>Ji-a-tca, «®1 1. 1 2C0 

[0 0 7 1] s^:3?y:/i 4, :jff;^4?>'^i 7. ^AS 50 
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Sfssgg 1 0 p^(Dnm^^m-M.mmt^c t x\ mmm 

7.t^y^ 1 7A>P.«Ag 1 5^i\LXR^mm 1 Of^fc 
j2IOiityci:T\ mmoyiSX'^m%tt^z.ti3'^x^ 

t''^nm%mmmmt-ii'mxrs\^\ 

[0 0 7 3] sf&ssi ortoi?Hm (■r^t)-^. 
mm<onm^ tjcfmrno ) oE^^iiibTa, 0. 0 1 

P aJ.;(±5 1 0 k P aJi(TT'fentfJ;V^*\ 0. IPa 
1-X±1 0 5 k P aJi<Tr'fe^i:i:AWSL<> 13 Fa 
1^±7 0 k P a&,TXh^Cti)^^f)ii}t^U\ 

So 

[0 0 7 4] sjissgg 1 0 F^o^H^/b'xii. mcmm 

$n%v^*\\ 'MJ'^A. Typrfy. 4^-b7x 

4T'K]Sg§§l Ol^gP^&gfML. ^(Dm. P!j^(Dmtl^ 
X^m<0i37.^Unt^:^'7.:f^y^l 7t)^^:ff7s^mX 

[0 0 7 5] *fl^fCfel.^T(i. SfS^gg 1 OF^cD^H 

K*^ €) * 5 t its i: x\ 'im(Dmmm sicx 

•/^tp'm tb. m t)icmm<ommwti^^m urc (dx 
[00 7 6] mmsimrs^mm^mtLxii. mm^ti 

^^<DXiirj:\,^ti\ x^y, ?^^y. •^u)\y^ ^^^^ 

ym<rimtimm\:s-^y-)\'. yp/v 
m ; u ym ; -K^k^^. r^fti^ii^^jsiiti ; 

[00 7 7] tT<D7^^fi^5 20-23 

^m^^x^mt>iii\ B^t^m^(Dm.mtLxit. et 
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1 ®Sl{c*5V^T«, m2<D (a) fcJ:tf (b) <D2m 

[0 0 7 8] ^tc. mf&tm&(Dm^icts\^'xii. m 
mmmmicmf^mtsm^ic. mmi i, izom 

(b) (a) icfrstm.m(Dmmi^L\^\ *0iJt 

*5V>T{4, 02 (a) (DiBBi:L/co 

[0 0 7 9] J-:^±oj;^{c^ff*<K^$nfc0 1 (omm 
1 2 p^{c«E^enj!(p-r 5 c t t% 1 1 . 1 2 p^tc 

TtJ;i/\ n>'^^ h7-^'«fiai:(i> Mil, 12 
1 3{cj:t)-^©«ffiF^Kgi$T«@l 1. 12^gtU 

[0 0 8 0] 1 1 , 1 2r^[cEn*p-r5«E{±. m^M 

*3\ 2S)^>&En*n-r5^i^{cfi. «isi i. i 2{cii«i- 

[00 8 1] mmfyx-7±i^m(ommmmmmti\ m 
n-:f^x^^^^iE^^mm<om9cm^mmiciivx. 

0. 0 5 A/mm l;JL±\ 5 k/mrnVATX$>^Ctff^ 
»$L<, \ A/mm' LXt5 A/mm' IXTX&^Ct 

nm^ tn.. mut^mi£timwix$>^m'^iamm^ 

[00 8 2] WMl 8{CJ:0«@1 1 . I 2izmmt^ 
mEtLXli. 1 VJi^±3 0VJ.XTT'feSi:i:*W*t 
<. 1 5 Vt(±2 5 VJWTT'S5i:^;*Ut)j(f*LV\ 

S;«{cj;t). 2(7)5t*Sa?*^m«$nTi^<<DT\ 

11.1 zrsmm^mtt^o c o Ltcn 
mil, 12 ms&m(Dmt^^W]mm 1 3 tc j; 0 ji:tp 
fip-rsctfcj;?). «isi 1. 1 2ramffi*<-^t*5 

[0 0 8 3] nE(r>mummt ura. 3#Jii± 1 8 0 

0, ison^m^^t. tmf'7X'^(omimic^f) 
^^mB2o~2 3(r)m.m^i)mTt^. fesv>{±. 
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[00 8 4] m^(DmiMicmf^m-Mm&t Lxit. n 
{^t^2-D<Dnmi 1. 1 2(0^-^. wm-ZyXy^n 

^$-a-5««i<0«5t4lSlB5iil4S{c*5t,>T, 10^Tt4±l 

xHi. ^wmm^mi^-r^cttimmx'^t). it^ 

m^^t. SSrtg|5lC«[W^%^?-&57^c^filE2 0~ 

2 3^Sft«:/7XvcD4jS^^tcJ^LTjfi}i$-lJ-TlEfi 

A^A>-SJSmmiSi:LT«> 1 0 ' TJ-:^±l 0"' T 

[008 5] i;t±© J; -5 icmm 11.12 micniim'/y 

20 1 o^nmicmmt^. 

[ 0 0 8 6 ] la 4 icmm 1 1 (Dm^ti^^mmicmmLk 
ij-if^yi-y^f-zi-yK'Dx.^x. m^mnir-mmx^ 

mLrcW^mm.mnM^n'st «5^5oooig) „ cm 
mmB^mt. m&<Dmmmi\zi!o\^^xmBLtzmMmi 
m'w-M (05) ict3ifm^^m^Lrzi>(Dx&^o * 

fc\ L©@jetcJ:0, # 

[0 0 8 7] ^mn<Dm.mimwo:>mm.m.m.r^\^^hmm. 

40 OB^ntfckv^o 

[0 0 8 8] J-;^±cDJ:9fc*^0^{c=tntf, ^jg^^sa 

oo. mibx-mMnmmm^w^mmt^cttf^x^ 

<fcO, 'i:<Dm&^Q5%\:X±(Dt,<Dtt^Ctif^X'^ 
5o 

[0 0 8 9] 
50 t/>o 
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mmm \ ) mmm i tc^sv^rti. m i iCTTstmmmm 

coo 9 0] -S^xSfg 1 0 : XxyUXiicORfi^ 
g§^-\'y/^-o it@2 1 0mm, fi$3 SOmm, 

• mil 1 : 9\-m5mm(Dnmm^7y7^hm m 
(mm9 9. 9%j.:i±) 

1.12 Sgg|%-^{c«o J; 0 tclHiio 

■mmi 8 : mmmmm 

'7li{\mS2 0~2 3 : aSfl 0 0mm, -^1 0 0m 
m, mtBmm. 7x5-r HS7mfi$H4 0*, 02 

(a) {c^tJ;'5{tlHBo M\^t^7l<{Km'Bm±(Dm^ 
S^mit 1 0 8 mmo mm 1 1 ©«5fe4|gg|5^4iS{C*5tt 
SIBjgttTmTo 

[0 0 9 1] JJi±©©jggB;grfflV^T, ;d-4^'>-;^yg^ 
a-:/^©3it/co StS^fll Ort(iME-<±1'. 1 0 20 

1 . 3 2 5 k P a (1 ^) ©^MTSf^^fTofCo tt 
ill 1. 1 2F^{c7-i>]SJ[«^ffofcJ6, tiCfetin:/ 

^^h7-^5!ia^m\ nnmit^'i^. nm ii, 12 

F^^O. 5mm~3mm@;gglt/c:<, UMl 8{c<fct)En 
iPLZ-cmEfi, 1 8 V(Diti?it«Ei; Lfco ti±®*ffT 

2. 0 A/mm'T'feo/co 

[0 0 9 2] SJtm HE® 1 1 5:1X0 Hit, ^©«5fe4g 

BiimmmMimn^mmm s - 4 5 0 0 % 

^Mmn^mmmmPJcXK). !^3mmX3mmt©® 

[0 0 9 3] lis® 1 1 <Dm9oi^^mmicmf^. ±ib* 
-jK y± y LTV ^^.M^o^SSiil^ss 

mmmB'^M^. 05 {cs^s-r (fg^2 0 0 0 o^g) o 0 
5 (Dmmm^mmmm^^mf)' e. . *^Rg{c j: d nji 

9%J.;^±r'feSci:*^'t>*^-pfco ^fe, K)Scoiiq<, c 

[009 4] 1 ) HSfi^J 1 {C*3I.^T, 7^^\fiK5 

2 0-2 s^rBEB-a-r, mm^m^LHij^^rai t&.n 
[0 0 9 5] wmm. mmm 1 t^micLz. mm 1 1 
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[0 0 9 6] 1 1 (Dm^^^mmcm^. ±8B;^ 
~^^yi-/^a.-yti^±i&Lx\.^%,mmm^jimmmi. 
mm^mmmmmwM^. 06{c^-r (^§^20000 

[009 7] (iijstaj 2 ) mmm 1 {c*5v>t, 7i<^\iK5 

2O~23CDBBB^02 (h:) iCTjktJii'jicLrcHtU 

mmmi t±rmm(ommm^\ mmoymx 
mm 1 1 <Dm9tiQ^fmicm^m.mm^t7 mT 
[0 0 9 8] nmm. mmm 1 tmmicLx. mm 1 1 
tzhc^. mmmwcik.'^^^tmi^mws.ti^ib^. ii^i 

0 it mmfj <Dmm^. wm.<r>t)-if^yi-y^:L-rtf' 

[0 0 9 9] K@ 1 1 cD««a5gffi{Cfc-lt§, ±IB* 
-4? y / ^ a - -r*^*^ LT I ^5M1^CD^SS«? IS 

07{C^-r (1S$2 00 00fg) o 0 

[0 10 0] (mmm3) mmm 1 tc^sv^x, 

f 1 4 T'gf5S§§ 1 0 rt* 5 3 k P a ST'SEEb/cC i: 

xm.nb. :f]-:r^yi-y^a.~y(Dmi^^n^rco 
[0 10 1] mm^. mmmi tmmicLx. mmi 1 

»p m ^(Dm^fQ^^m^mn^mmmx-mm t 

^-yi-/^a.-yif±j&Lx\,^rcc 
[0 1 0 2] liNs 1 1 (om^c^^mmicisif^. ±m:^ 
~r^yi-y^zL-yti^±mLxi^^mm<Dm^mn^m 
mmmm^M^. sstoTs-r (^^2oooo<g) „ 0 

CO 1 0 3] (.mmm4) mmm 1 icisy^x. m^^^y 

-fx 4T'S)SSf§i Of^o^m^j^f^u *"7>^::/^i 
7*>6g^^2*ALT, E;'3 5 1 kPacoS^^H^i: 
Lfc:ili:Jim{i> llfiSitfiJ 1 i:^TI^1iiDgB*fflv\ |b| 

[0 10 4] 1 hwmi\.x. wm 1 1 
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.tc y :^ y f- a - :/ fi)c L T I ^ fc o 
[0 1 0 5] li® 1 i^m^iQ^mc^if^. ±mti 

CO 1 0 6] (iijssps) ^ssp nc43i>T. m^^-y 10 

■/I 4 T'SfS^Si 1 Of^cD^U^m^L. :ff7s^^y^ 1 

[0 10 7] mmm. mmmi tmmictr. mmi i 

:^r^yi-/^:L-y^^,vmtL. m'o\cm.m(om^wti^ 20 
CO 1 0 8] nMs 1 1 <om9t^^mmKm^. ±.um 
m^. m 1 0 Kmt as^ 1 0 0 0 o<g) o 010©^ 

CO 1 0 9] mmrne) m^m 1 icts^^x. 7i<^mB 
2 0-2 3<Df^t)»3Jc. 03 (b) ^c^^tmmmnL 
rzFimB(D^xmG2-D^. ^ti^tinmi 1, izid 30 
^ot, mmi I, 1 2 tmmicmLxmm^mis.Lrc 
ctma. mmmi t-^xnm<omm^m\^\ mrnoy 

mm 1 1 CDa$tffig|5i^4|gfC:fetJ SSH^^jSa 1 s m t t- 

CO 1 1 0] «tm mmmitmmicLx. mmi 1 
^mmL. ^(Dm9iiz^%M&mn^mm.mx'mmb 

TctC^b. 1. 2mmX30 0;tm<DMJl?{C, iSi^gcO 

CO 1 1 \ ^mm \ 1 ©a^tiffigpwc^bnj;^, ±12:^7 40 

-tK y -t y ^ ^ - y A^'Sfiic L T > 5 SgJ^(7)^SSI«?^ 

umm^wm^. m 1 1 fc^f Cism 1 0 0 0 o<g) , 
0 1 1 (DmMmm^mummm^Mij'ib. ^-^^yi-/ 

mibxmmm<Di}-r^yi-y=^ai-zrx$> 

CO 1 1 2] 
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^!it<Dx^^mmmmw(Dmmmm:fo^ifmmiim^ 
mm^ctt^x^?>o ^mmo:>mmmmw(Dm^mm 
*3 J; ismmysmii. t<omis.tim^x&?>ici,m^t) e. 
•rmibx^(D^mti^iz^i>^!iti3^e,^ xmmmmm 

C0S<O®#*Ui^] 

C0 1 ] 0 1 fi. :^^m<Dmmmmi^<Dmmms<o- 

m^TT.tmx^*). (a) {iMS»rffl0T-feO, (b) 
it (a) (Cfcnt^A-A^ffl0-e$.So 
[02] 02{i. 01 (b) l,C^i<f^fk^mEiC-D\,^ 

X. mm^^tbtzm'^<Dmt}m(ovm^7jktmx$>K>. 

( a ) itikiKME 2 0-2 3 <D||T S m^wmim 

mmcMi^t^'i^x^m-^-^rc^m^Tf.tmxS} 0 . 
[03] mtimmi9mmm^(Dmny;\^ t bs^^t i: 

^i^ti^mtim(o:m^^^-rmmmx'ho. (b) 
m,?B^mn±ictm-$^xmmL. ^mmGoya^fi 

[04] mmmiicisi^x. mm(om9c&mmicm 
mLfcti-r^yi-y^a.-yic'Di^x. ^^mmi^m^ 
mxmmLtcmmm^n-M (^m : 5 0 0 0^) 

C0 5 ] mmm 1 {c^i/>t> M^tDR^iiiggpssfc*, 

^4Si«^^tgi^^^¥* i^m : 2 0 0 0 Olg) T'fe 
[0 6 ] ttmi 1 {cfeV^T, •«1iCD«^4Sgi5S®fc*3 
^4Si«?^tgi^»^^K : 2 0 0 0 Olg) T'fe 

So 

[07] lli!i(5«?IJ2{i:*5l^T. ««8©g5feffia5g®tC*5 

±m^-r^yi-y^a.-yti^3E.iiiLxi^^m^<D 
m^mn^mmmmm^m asm : 2 0 0 0 0^) 

[08] mMmsicfsi^^x. mm(Dm9ci^^mmic^ 

m&mm^mm^m^wM m : 2 0 0 0 0^) r-* 

So 

[09] mm\4ic^\^^x. mm<Dm9ti^^mmici5 

(iSm : 2 0 0 0 01H) T'« 
[010] ^SfiC?lj5fC«3l^T, ttfi8©ft$t4Sg|5^ffi{C 
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(OM^mm^mwLmmmwm i^m : i o o o o^g) t * 1 3 ^m^m 

[011] mmmeicis^^^r. mm<om9cis^^mi,c 15 

(omMmm^mmmm^wm (.^m : 2 0 0 0 o<g) t- is 

feS, 1 9 

C?9^®liiW] 2 0-2 3 7mfiS5 

1 0 S/£Si§ 24, 24a, 24b 

1 1 mm (nm) 26, 26a, 26b 

12 mm (nW.) *10 2 8, 2 8 a, 2 8b 
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